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THE DEPOSITION OF SILVER ON GLASS AND 

OTHER NON-METALLIC SURFACES. 

By FRANK L. JAMES, M. D., Ph. D., St. Louis, Mo. 

In an article on silvering mirrors contributed to the American 

Journal of Microscopy, some years ago, I made allusion to a process 
for the deposition of silver on glass, which was read in the labora- 

tory and workshops of the late Baron Liebig, and in which the 

reducing agent was ammonium aldehyde. This reference brought 
me quite a number of letters of inquiry concerning the details of 
the process, and curiously enough after a lapse of six years these 

inquiries continue to come to me, two having been received from 

widely separated parts of the continent within a week past. 
As the subject seems to be of interest to the microscopists and 

amateur mechanics generally, I have concluded to make public the 
details not only of the Liebig process then alluded to, but of other 
methods and manipulations which seem to have puzzled the readers 
of the old Journal of Microscopy. 

Few men who ever lived had a heart so easily touched by other's 
woes as Liebig. The close and chosen friend of the reigning sov- 

ereign King Maximillian III. (the father of the present music-mad 
monarch of Bavaria, and the son of the great, though deposed King 
Louis), Liebig was constantly employed in the study of improved 
processes in the arts and industries which he freely gave to the 

struggling poor, not only of Bavaria but of the whole world. 
Prior to I856 or I857 the only process known to the trades for 

making mirrors on a commercial scale was by the use of mercurial 

amalgam, although as early as 1840, Drayton in England had called 
attention to the fact that silver could be deposited in a pure metallic 
state from its solutions by the action of various reagents-such, for 
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instance, as grape sugar, tannic acid, the essential oils, etc. Not- 

withstanding the demonstrations made by Drayton and numerous 

experimenters after him that the silver process was cheaper, more 

rapid and superior to the old amalgam in every way, up to the 

period mentioned (1856-57), it was almost unknown, in Germany at 

least, or only used for special purposes in laboratories-as in mak- 

ing reflectors for telescopes, etc. 
The reason for this condition of things discloses one of those 

strange phenomena of the human mind which have puzzled philos- 
ophers and baffled philanthropists in all ages. The mercurial pro- 
cess, or amalgam process, is terribly destructive to human life; an 

early, certain and horrible death being assured to those engaged in 

it. For this reason the wages of this class of workmen were, in 

comparison with those paid in most other handicrafts, very high, 
and though the ultimate consequences were so dreadful this one fact, 

"big wages," made those who were thus employed cling with tenac- 

ity to their deadly trade, and regard with hatred and disfavor all 

those who undertook to ameliorate their condition. A parallel case 

is afforded by the class of cutlers engaged in knife-making, and 

known as "dry-grinders," though as compared to the workers in 

mercurial amalgam the trade of a dry-grinder is almost a healthy 
one. Students of political economy know what vigorous opposition 
was shown to efforts made in Sheffield to ameliorate the condition 

of these grinders some years ago. The instruments devised by 

philanthropists to protect the operators from the deadly influ- 

ences of their trade were broken to pieces, the philanthropists were 

mobbed and extensive riots only prevented by allowing the avari- 

cious grinders to proceed with their trade in their own way. 
The center of the looking-glass industry at the time that I speak 

of was in the town and bezirk (district) of Fuerth and Weilheim, 
near Nuremberg, in Bavaria. Here almost the entire population, 

men, women and children, were engaged in the deadly trade, and 

millions of mercurial amalgam mirrors (especially those of the 

cheaper sort, such as shaving-glasses, soldiers' mirrors, etc.), were 

turned out annually. Those who have seen a bad case of mercurial 

salivation brought on in the good old days when "calomel and 

jalop" was prescribed "pro re nata until the gums were touched," 
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can form a faint idea of the condition and appearance of a com- 

munity living in an atmosphere perpetually charged with mercurial 

vapor. But the utmost limit of imagination would fall far short 
of the scenes of mercurial intoxication to be witnessed in that 
wretched district. 

I was at the time a student at the University of Munich, Bavaria, 
and in the laboratory of Liebig, and availed myself of an opportu- 
nity to join a party made up by the baron to visit and inspect the 

village of Fuerth. I will not weary you with a recital of what we 

saw, but from that time forward, for several years, Liebig was con- 

stantly employed in efforts to supplant and destroy the amalgam 
process of making mirrors. 

As remarked, the mere deposition of a film of metallic silver by 
precipitation from a solution of its salts is an easy matter and may 
be effected in many ways, and by a large number of reagents 
which act with varying degrees of excellence and economy. Liebig, 
after a large number of experiments carried out in what was then 
the best equipped laboratory in the world, and with that consummate 
chemical knowledge and manipulative skill which made his name 
one of the most brilliant in the annals of chemistry, finally settled 

upon the process given further on in this article. A factory for the 
manufacture of silvered mirrors on a large commercial scale was 
established by him and enthusiastic friends of his, and the mirrors 
were put upon the market about the time that civil war broke out 
in this country. With the subsequent progress of the art as a com- 
mercial venture I am not familiar, nor does it concern us at the 

present time. 
The advantages of silver over mercurial amalgam as a material 

for mirrors, aside from the very important one of the health of 
those who are engaged in the manufacture of the articles, are many. 
In the first place, when carried out properly, with due attention to 
the recovery of waste, the silvering process is much cheaper than 
that of amalgam. A strong, brilliant and lasting coating can be 
made when silver is worth 1.15 per ounce for about three and one- 
half cents per square foot. At St. Gobain the actual cost of mate- 
rial and labor is figured at thirty-six cents per square meter. Of 

course, in conducting small operations we cannot hope to arrive at 
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any such results. Another advantage which silver possesses is in 

point of light. Photometric experiments, instituted and conducted 

by Liebig, show that ninety-six per cent. of all light received by a 

properly silvered mirror is reflected, while the best results attained 
with amalgam mirrors show only about sixty-five per cent. reflected. 
I quote these figures from memory after a lapse of twenty-four or 
five years, but I am quite sure of their correctness. Objections 
have been raised to the silver reflection on the ground that it has a 

yellowish tinge. This defect, if it be one, is easily remedied by 
giving the glass a slight bluish tint which will act as a corrigerant of 
the offending hue. Another method of remedying it is suggested 
further on. Other advantages of the silvering process will suggest 
themselves to my readers-not the least of them being the readiness 
and ease with which it can be applied by every person who has a 

grain of manipulative skill. 

Having thus cleared the way, I will now proceed to a description 
of methods, and will commence with that of Liebig, but before I do 
so I will give the process for preparing glass for silvering, as no 
matter what process is made use of the success of the operation de- 

pends to a great extent upon the absolute chemical cleanness of the 
surface which is to receive the metal. 

Make a paste of fine whiting free from grit, or of precipitated 
chalk, with stronger water of ammonia, and with it cover the surface 
of the glass. Let it dry on, and when dry brush it off with a soft 

brush, clean, soft cloth, or with a pledget of prepared cotton. Lay 
the glass in a suitable vessel (for a small mirror a saucer will answer) 
and pour over it dilute nitric acid (one part of acid to eight parts 
of water). If the object has ever been silvered before, or has been 
coated with mercurial amalgam, the acid should be full strength 
instead of dilute. In this bath it should remain several minutes and 

then be washed in distilled water, which should be poured on until it 
comes off without an acid reaction. After rinsing with distilled 
water the object should be placed in absolute alcohol, and not re- 

moved thence until placed in the silvering solution. 
As originally devised the formula of Liebig, while yielding most 

excellent results where laboratory facilities were abundant, pre- 
sented certain difficulties in manipulation which prevented it from 
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coming into general technical use. It was therefore modified and 
is now as follows: 

In one pint of distilled water dissolve thirty eight grains of alde- 

hyde ammonia, and in an equal quantity of distilled water sixty 
grains of nitrate of silver. For use mix the two solutions in equal 
parts, agitate and filter. The object to be silvered having been 

previously cleaned is placed in a suitable vessel and covered with 
the filtered solution. A gentle heat is now applied by means of a 
water-bath or otherwise, and the temperature raised to I30? Fahr. 
Silver commences to deposit at 122?, and the operation is soon com- 

pleted. Some little ingenuity may be exercised by the operator in 
each individual instance as to the best methods of immersing the ob- 

ject. If flat it may be laid in a saucer or suspended on the surface 
of the fluid; if more than one object is to be silvered, and the metal 
is to be deposited on one side only (as is most generally the case), 
they may be placed face to face and a narrow rubber band sprung 
around the edges. 

In Germany aldehyde ammonia is an article of commerce, and 

may be obtained at almost any chemist's. In this country it is not 
so common, but may be gotten from dealers in chemicals, especially 
from those who furnish analytical chemists their supplies of reagents, 
etc. Aldehyde can be obtained anywhere, and may be easily con- 
verted into aldehyde ammonia by passing a stream of dry ammonia 

gas through it. 

Draper's method is almost as simple as that of Liebig. It is as 
follows: Dissolve an ounce of crystalized nitrate of silver in two 
ounces of pure distilled water. Add stronger water of ammonia 
until the brown precipitate at first formed is nearly, but not quite, 
redissolved. The ammonia must be added cautiously and with con- 
tinued stirring toward the last, as an excess interferes with the suc- 
cessful precipitation of the silver. If by accident so much has 
been added that the brown precipitate is entirely redissolved, nitrate 
of silver should be added in solution until a slight precipitate is 

again formed. Filter and add distilled water to make six (6) ounces. 
This is the solution. In five ounces of distilled water dissolve 336 
grains of tartrate of sodium and potassium (Rochelle or Seignette 
salts), filter and add water to make six ounces. This is the reducing 
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fluid. To use, mix the solutions in equal parts and proceed as be- 
fore. Petitjean, whose method is most in vogue in France and Bel- 

gium, has substituted tartaric acid as the reducing agent. His for- 
mula is as follows: 

Prepare an ammoniated silver solution exactly as in Draper's 
method. For the reducing fluid dissolve thirty-five grains of tar- 

taric acid in the same quantity of water as before (i. e., five ounces), 
filter and bring up to six ounces by adding distilled water. For use 

mix equal quantities of the fluids and proceed as in former methods. 

At the great mirror factory of St. Gobain two baths are used. 
After allowing the silver to deposit from a bath made as directed 

above, the mirror is treated to a second bath in which the reducing 

agent is double the strength of the former (seventy grains to six 

ounces of water). 
Neither Draper's nor Petitjean's method require quite so much 

heat as has been found valuable in Liebig's process, a temperature 
of 9go to I io? Fahr. having been found all-sufficient. 

Processes might be added by the half dozen, but no valuable 

object would be subserved by so doing. The original process con- 

tributed by me to the Journal of Microscopy, and referred to at the 

outset of the article is, perhaps, the most practical for off-hand use 
in the laboratory or the work-shop. It has the advantage of requir- 
ing no artificial heat, of keeping for a very long time, and indeed of 

improving with age. It is as follows: 

Silvering Solution: In one ounce of distilled water dissolve forty- 

eight grains of crystalized silver nitrate. Precipitate by adding 
strongest water of ammonia, and continue to add ammonia drop by 

drop, stirring the solution with a glass rod until the precipitate is 

nearly, but not quite redissolved. Filter and add distilled water to 
make twelve fluid drams. 

Reducing Solution: In one ounce of distilled water dissolve twelve 

grains of Rochelle salts. Boil in a clean, long-necked flask, and 
while boiling add two grains of crystalized nitrate of silver pre- 
viously dissolved in a dram of distilled water. Continue the boil- 

ing for three or four minutes, remove from the lamp, let cool, filter 
and add distilled water to make twelve fluid drams. For use mix 
the two solutions in equal proportions. While a temperature of 
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from 1oo0 to 120? Fahr. hastens the deposition of silver with this 

fluid it is by no means necessary, as the metal will separate (though 
slowly) at a very low temperature. 

To avoid the yellow hue referred to above as one of the inherent 

qualities of light reflected from silver mirrors there is, in addition to 
the plan suggested, a way of converting the silver deposit into a true 

amalgam of silver and mercury, and one which is not obnoxious to 
the indictments brought against mercurial amalgam processes in 

general. I do not remember by whom it was suggested, but a trial 

of it has convinced me of its practicability even on a large scale. 

If, after the mirror has been completed by any of the above pro- 
cesses, a weak solution of the double-cyanide of mercury and po- 
tassium be rapidly brushed over the silver with a camel's hair pencil, 
an amalgam is instantaneously formed which adheres firmly to the 

glass and gives back a perfectly white reflected light. 

Having given the most practical and useful of the formula for the 

deposition of silver on glass I must say something in regard to the 

subsequent treatment of the mirror thus obtained. 

Having secured a film of the desired thickness the glass should 
be removed from the silvering fluids before they become entirely 
exhausted, as otherwise a process'of "bleaching" sets up and a por- 
tion of the silver is redissolved. On removing the mirror from the 

solution it should be stood on edge on blotting paper or a porous 
tile to drain and dry. If the silvered surface is to be used as a re- 

flecting surface directly (i. e., without the intermediation of glass, as 

in reflectors for telescopes), it requires a little polishing, and for this 

reason requires to be somewhat heavier than is needed for mirrors 
used in the ordinary way. The process of polishing, while a very 
simple one, requires a deft hand, and a light but firm touch. A 

piece of very soft and clean buckskin, entirely freed from dust by 
shaking and beating, should be used for the purpose. A small 

amount of jewelers' rouge or putty powder is placed on it and the 

silvered surface should be gone over with regular, light strokes made 
with a circular movement. The final rubbing should be done with 

a similar piece of buckskin or chamois, but without the rouge. 
If the mirror is to be used in the ordinary way nothing remains 

to be done except to protect the silver deposit. If a battery be 
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handy the best and most perfect protection is a layer of copper de- 

posited by electrolysis. In the absence of a battery a coat of alco- 
holic copal varnish surmounted with a coat of red lead answers every 
purpose. Whatever is used should be carried well over the entire 
surface and edges of the silver, not only to protect it against 
scratches but against the chemical action of an atmosphere laden 
with sulphuretted hydrogen, as is the case in all of our large cities. 

The processes which I have described for the deposition of silver 
on glass may be applied equally well to its deposition on any chem- 

ically clean non-porous surface of organic or inorganic origin. 
Metals, crystals, horn, shells,-in short, any surface that can be freed 
from adherent grease and kindred impurities,-may be covered with a 
film of pure silver by following the details of methods given for glass. 

In many instances, however, the film will be imperfectly attached, 
will not adhere firmly, or will not deposit at certain points. Espe- 
cially is this the case in porous or semi-porous substances, like wood, 
leather, flowers, leaves, etc. In such cases success may be attained 

by the use of the following, which has been used by me for many 
years. Objects of leather, horn, etc., will need no preparatory treat- 

ment; but very porous substances, like unglazed earthen-ware, should 
receive one or more applications of some filling material, such as 

copal varnish or water glass-the former being preferable. An 
alcoholic solution of shellac is also good. 

The object to be silvered is immersed for four or five minutes in 
a saturated solution of gallic acid in distilled water and thence re- 
moved into a two per cent. solution of nitrate of silver in distilled 

water. Here it is kept an equal length of time, and thence removed 

back to the gallic acid solution, the operation being repeated several 
times until the object assumes a silver-grey appearance, due to the 

deposition of an exceedingly tenuous film of silver on the outer sur- 

face, and in the minute pores of the object. It is now rinsed in 

clear water and laid on bibulous paper or a clean tile to dry. In 

the meantime prepare the following solution: 

i. Reducing Solution: Grape sugar or honey, 5 parts; quicklime 

(Ca 0), 2 parts; tartaric acid, 2 parts; distilled water, 650 parts. 
Mix, dissolve and filter. 

[To those not acquainted with chemical manipulation I would 
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suggest the modus operandi as follows: Dissolve the sugar or honey 
in a large part of the water and add the quicklime. In the course 
of a few hours the lime will be nearly or quite dissolved. In the 

residue of the water dissolve the tartaric acid and mix the solutions. 
Let stand for a few hours and then filter or decant.] 

2. Silver Solution: Dissolve 20 parts of nitrate of silver in 650 
parts of distilled water; add stronger water of ammonia cautiously, 
with constant stirring, until the precipitate is nearly, but not quite, 
redissolved. Filter and preserve in glass-stoppered bottles. 

The reducing solution should be kept in bottles filled to the cork 

and tightly stoppered, to protect from the action of the atmosphere. 
For use, mix equal parts of the two solutions, and after thorough 

agitation filter. The object having been prepared as directed above, 
is removed to a gutta percha or japanned dish, deep enough to allow 

of its complete submergence, and filtered fluid poured over it. The 

dish and contents are set in the sunlight or by the fire, and under 

favorable circumstances (with a bright, hot sun), decomposition of 

the fluid commences almost immediately, the silver precipitating and 

attaching itself to the prepared object with great firmness and bril- 

liancy. The rapidity of decomposition is determined by the amount 

of light and heat. After silvering, the object should be washed in 

a solution of carbonate of lime, rinsed and dried. Glass, porcelain 
and earthenware articles need not undergo the preliminary treatment. 

When battery facilities are convenient there are a number of 

processes for plating organic substances which may be made use of. 

All of them are based upon the principle of rendering the surface to 

be plated a good conductor of electricity. This is generally done 

by immersing the object to be plated in a solution of some easily 
reducible metallic salt and keeping it there until more or less of the 

solution has been absorbed into the surface pores. The absorbed 

salts are then decomposed by a chemical reagent, which sets the 

metal free in an extremely divided form; and thus deposited through- 
out the surface structure of the object to be plated, it virtually acts 

like a continuous surface. From their instability in solution or 

ready reducibility the salts of silver are those most generally used, 
The two processes most extensively resorted to in the arts in 

France, Germany and Italy are Ore's and Cazeneuve's. 
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In the latter, most excellent results are obtained, as follows: Dis- 
solve 40 parts of crystalized nitrate of silver in I,ooo parts of wood 

spirit. Macerate the object in the solution until sufficient absorption 
has taken place. The length of time required for this result is 
variable and only to be determined by experiment-the horny plates 
of a beetle, for instance, taking more time than the softer parts, or 
than a piece of leather. There is no danger of leaving the object 
in the solution too long, or rather no harm can be done by an excess 
of material absorbed. Removing it from the bath the object is par- 
tially dried by allowing any excess of fluid to drain off and is then 
immersed in a solution of ammonia (the F.F.F. water). By this the 
double nitrate of silver and ammonia is formed, which is an ex- 

tremely easily reducible salt. The object is now dried and sus- 

pended in a close box in the vapor of mercury. In a few moments 
the surface is completely covered with a metallic amalgam and may 
then be electroplated in the usual manner. 

In Ore's method sulphuretted hydrogen is used instead of mercu- 
rial vapor. The article prepared by immersion in silver nitrate dis- 
solved in methylated spirits, is put into a close box and subjected 
for fifteen to twenty minutes to the action of the hydrogen sulphide. 
By this treatment the silver nitrate is converted into silver sulphide. 
After exposing the object to the air a few minutes it is transferred to 
the galvanoplastic bath and the operation completed by electrolysis. 
The process is especially applicable to organic material. A human 
brain thus prepared several years ago is still in excellent preservation. 

In conclusion I would say that I claim nothing new or original in 
the methods here presented. I have simply collated the results and 

experiences of others, and having experimented with them place 
them before you in a practical form. Every formula here given has 
been tested and worked with by me time and again, and if intelli- 

gently followed out will always yield good results. 
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